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A STUB*. OP 7H5 RATS OF REACTIOH 
OF IW2 WITH VARIOUS ALCOHOLS AT LOW 

TEMPERATURE    ABD PRESSURES 

67    John F. Kaemaerer, Thomas a. Oolliwi, Pleiro Raiac&ai, ad J.C. Treacy 

Ths present work extends the wirk of Fairlie Oarberry 
end Troeey wad is   concerned with reaction ratee for 
tho reaotion,   250^ RnR- hSOy-KCMO (1)« 8urfaee of foot* 
and temperature coefficient woro evaluated for reactions 
involving tho Oy to O4 aliphatic  straight and branehad 
chain alcohols.    The reaction has been found to be 
surface controlled with alcohol being the adsorbed spseiea 
and RgOj} reacting directly font the vapor phase. Practic- 
ally no reaction was observsd with paraffins wax surfaces, 
while rataa of considsreblo magnitude wers observed when 
glass* aluminum, and teflon eur'faeea were used. Reaction 
rater, as well as equilibrium conversions wsrs considerably 
reduced aa tamparsture was  increased. A rate law ia 
postulated and experimental values of constants invdved 
are tabulated. 

} 
F Tho work cf Pairlie,  oareorry and Traaoy (1) indicated that the reaction 

rate of NO, with ROH ras third order aa indicated by  the ttoichlom-try,  and 
•eager indications of surface effects and a negative temperature coefficient 
were reported. 

The present work wae undertaken in order that temperature and surfaoe 
effects might be quantitatively evaluated,  enabling a as?* complete understand- 
ing of mechanics and eventual uee of this rsaotion Ln ths production of nitrite 
esters.    This paper describee the method used in studying this rapid surface 
reaction,  presents experimental results,  postulates s mechanism and rate law 
and gives valuea of rate and equilibrium constants for use with thie rate law. 

EXPERIMENTAL 

The photometric method was ueed for following the course of the reaction. 
Of the apeclee present,  only N02 was found the absorb ths filtsrwd green light 
used (43OO-300OA).  With this light,  filtered to remove wave lengths photoohemio- 
ally decomposing to 1R>2, BO. waa dstedlble  to well below O.lamHg and could be 
determined to fc O.OJwm throughout th* range of partial pressures used. 

Apparatus*    The reaction wae run in cylindrical cells of length 122om with 
diameters varying so aa to give eurfaoe to volume ratios of from 0.9 to 1.4 
em"-. With one exception these cells wors lasers sd in a circulating water 
theraoetie bath capable of controlling temperature to ± 0.1°0. Ths emda of five 
oells protruded from ths bath and wereolosed with plane glass windows for ai- 

(1)    A.M.Palrlie Jr.,J.J.   Carberry,   and J.C.  T?»ccy,    JAC8,  75    >7«6(19S5) 
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mission of the Measurement light htrtm. 

Light wae obtained from an incandejceit source, filtered, collimatod and 
focused, and reflected through the reaction sell by means of piano airrers. 
Provision aaa made to pass a portion of this b«aa through a blank tuba, enabling 
a rapid oheek of the oonataney of tha aouroe. Light leaving tha reaction eell 
was reflected with mirrors upon a photronie photocell which actuated a sensitive 
galvanometer whose output waa reeorded. Galvanomet#r output was converted tc 
values of partial preaeure of H02  by aeon* of an esperioally determined calib- 
ration eurvfi. 

Initial amounts of reaetant aero determined by admitting theao from storage 
Into evacuated bulb; which war* precisely oalibrated aa to volume. Partial pressure 
wore determined sjanometricolly at the temperature to be uaed In the f«lLoving ran* 
With the volume of the reaction eell being also known, thla enabled computation 
of initial partial preesut. thai, obtained for each reectant ahon reaotanta ware 
fleshed into the reaction coll. In thoeo computations, duo account wao taken 
of residual amounts loft in meaaurcment bulbs and of the MOp-Nj0/* equilibrium. 

Data involving pyrex glaaa acre t*ken directly withl»~fcbo cells used. With 
surfaces of paraffin, teflon and Aluminum, tubes (or coated giaai tubea) of 
one foot length were inserted end to end with small clearance* into a muah larger 
containing coll. The light boom wae passed through the inside of those tube 
sections. The reaction cell thus conristed of the volume within the Inserted 
tubes, which vas in free comunication with the much larger outaide volume. In 
this work only data at 25e0 www taken and temperature control was obtained by 
adjusting room temperature to 25° i 0.5. 

8topcooks lubricated with oilloono grease aero uaed after it was determined 
that these wero unroactive in the presence of NO2. 

Procedures thermostats were brought to the desired temperature, end the entire 
syatew was evacuated to O.O&ws. No attempt was made to flame a»p*rmtue or to 
reduce proeeuro with Hg diffusion pump. The desired preaeuree of aloohel and 
3Ct> wore admitted to the measures*nt bulbs and determined mamomotrieal ly. alcohols 
ware boiled before each run to eliminate dieswived air etc and were uaed dirootly 
from OP sources aa careful purification had previously been ehown not tc affoot 
reactions or reaction ratoa within the limits of procieion obtainable. HOo. waa 
taken directly from lecture bottles supplied by lfathesen Co. and contained loss 
than 0.3£ N2, 02 etc 

Thb light intensity was adjusted to a desired reading and the reading of the 
"bleak tube8 wee reeorded. Thia reading waa shocked with frequency during each run.- 
Oceaisional variance of thio blank reading caused little difficulty, but in sueh 
casea tha data «u- completely discarded and rerun- 

On the even minute of a running stopwatch, atopooeka admitting reaotanta to 
the reaction cell were rapidly and simultaneously opened. Galvanometer readings 
were thca taken at appropriate intervale. Entrance errors duo to non-simultaneous 
stopcock opening ete wore found to be undeteetablo inasmuch aa computed MOg 
resdlnra and actual photmetrlc determination checked very wall. 
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QelTanowjeter reouiiugs were convert** to partial proesures of PSg by 

rceane of en empiric*! calibration cures. Partial preeeure S02 -a* *'nan platted 
•arirua tine on Cartesian coordinate paper and rataa were daterainad by graphical 
differentiation. 

% 
Initial value* of the reaction rate were dividaa toy partial preeeiore BOj 

squared and by partial preaeure aleohol to give an indicated rate oenatant *c" 
whoea reciprocal 1* ehown ae a function of aleohol partial praaauro in a sub- 
sequent aeetion of thie paper,  from thaaa plot*, valueo of the rarioua conetante 
aay too deduced aa vail ae a rate law. 

Rune aero alowed to proceed until no jgelr&noneter changes could too detected 
OTOT a period of 20 mlnutee.  This waa aeeuned to repreeant equilibrium and 
raxuee of CKjuilibriua constant wereoonputod froa auah data, with the 2H02*R0ft- 
ROTKHHNOx etoiehioaetry toeing aeauaed. 

Serious liaitationa on the use of thie acthod preclude uao ouslde the rangeo 
of partial preesaree ueod  in thie work. Partial pressures are United By the 
v&(>or preaaaroo of the aloohola and toy formation of liquid phaooa in the presence 
of P5TO, at partial pressures such lose than the vapor pressures of eoid and alcohol 
At higher teoperaturee «her« thoaa limitations no longer apply,  reaction rate 
become oo elev, *nd snulllbriiHs conversion ao low that precision in the erasure- 
's? at s are poor-. j 

RESULT!? 

Being this apparatua and prooedwre, rate and equilltorlua data wore taken 
for all lower aloohola, «j to Cj, except ieobutaaol at 25°, Mo9 and 5^0, in 
pyrex apparatua with 3/7 -0-9 carl.    o»to wore taken in pyrex apparatoa for 
ethanoi only at »A "1.4.    and for aethaaol, ethanel, and n-propenol on parafflne 
teflon and Aluminum eurfacee at 6/T «1»0± 0*1. 

The vapor phaae rate waa found to toe n«;,] igible with roapeet to wall reaction     * 
ratee. Reaotion rate wee fotsnd to toe exactly proportional to the second power _Vj 
of the NO2 partial preaeure.    A rate las of the form *~ 

-dHOj/at   -    k,l^t1(g/»)^(l • l^   A)X »22 *  )    ~ 

wee found to hold for-all aloohcle lnveetigetad, for initial condition*. X denotea the equilibrium eonetaat for the asoyigO^ equilibriun, KA deaotee 
adeortotlen equilibrium conetant, and kg a surface rate eonetaat. 

Denoting the group    b^Si  S/f    toy *»", it was found that *as has an 
apparent aotlwatienal energy ef    -17 *» -20 Seal.    Beats of adaortotion affecting 
KA   were determined to toe   ef the order of -7 to -12 Coal. 

Complete data are found in Dissertations filed with the library, Univer-;i^y 
of Hotre 

1 
Farafilne Surfaeei 

Thaaa data w«f* taken *y pacilng a light bean through sections of ooete* 
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gleaa tubing placed within th» suns eell In which the data of Pairlie (1) 
were taken. In the previous work the light beam had been paas*£ through the 
center of the coll and at a distance of 5-? cm from any wall. The present 
"Paraffined eell" was placed at the bottom of the outer pyrex oell at such a 
position that specific rates close to 5C< greater than those reported in (1) 
were obtained* without the use of an inner oell. 

Rate data talon with the paraffine cell was found to be first order in 
alcohol, but wA.th a specific rate oonetant less than half that reported is 
(1)* Experimental values must be further correeted for the free oomnuni cation 
of the paraffined cell with the larger exterior vacuum tight pyrex container. 
If ne reaction had taken place within the paraffine surface, an indicated 
ficticioue rete would appear to take place due to withdrawal of HOj as reaction 
takes place in the outer tube with a three yeilds two stoiohloaetry. With H • 
experimental rate within the wax oell, R0 the rate outside this cell, X the 
sole fraction N02 *»d fi^ tne true reaction rate within the wax oell, 

Rg -  (R - (X/2)Ro )( l/U-X/2) 

Data taken are Tabulated in Table 1,  kQ vsluae being corrected far free 
cowmnication using values of specific rate oonetant 9Q& greater than those 
given in (1) as indicated by present work, et the looatlon used for paraffin* 
oell. 

TABLB 1    Rate Data in Paraffine oell (8/Y -1*0, 25°0> 

Alcohol NDj      ROH Rate "k" 1« 
m        w> mm/ain 

Methyl 5.48   2.89        0.43 0.012 O.OOGt 0.003 
5.78   4.40       0.75 0.012 0.002 
5.53   6.60      0.68 "-012        0.005 

Aw 0.002 
Ethyl 3.58    1.41        0.31 0.017 0.001 

5.69    2.10       0.52 0.018 0.005 
3.64    2.72        0.56 0.016 0.005 
3.58    5*58       0.73 0.0J6 0.005 
3.08   4.46      0.70 0.017        0,009 

Av 0.005 
n-Prepyl 5.30   0.3©       0 14 0.043 0.007 

3.15   0.86      0.57 0.044        0.019 
5.25    1.21        0.52 0.040 0.C15 
2.75    1.56       0.48 0.041 0.020 

Av 0.015 

Yaluee of e^ as tabalata&indie*t? maximum values of vaporphase rat* 
that oonld obtain.  It le possible that at least part of theee rate* may 

-   represent heterogeneoas rsaction on the wax surface, a woedibility that 
is likely In the liafct of the insreaaing rate obtained as the orgsjj&s nadloal 
is made larger.    Vapor phase r•action, are at beet slow ooaparad with wall 
reactions and oan be neglected with repeot to heterogeneous  rates obtaining 
with other sufaees inv«stigated. 

I 



Pyrex SwfM«t      DiU sere taken for ell 0, to 0* Aloohol* (except *-lutan©l) 
at 23, *0 and 33°C   with aurfaee to >»!«*• ratio 0.9 A*"1* and •*« ofchanoX 
only »t aA m l»k 

AS the reaction «*• wall oatalyssd. It wae expeeted that rat* eeuetleae 
of the f oyu 

-fflO^dt -(kJKA S, 8A)(*>22» - HSfO. RDH0/k«,)(    1/<1*IA* * ^a*^))0 

T/ould obtain. It haa boom found ay four Investigator* working at various 
eretures, pressures ard BA ratioe that tha reaction rata depends on exactly 
tha aaeond poser of the NO* partial pressure. AMI X. must bo snail. Bodsr 
initial ©onditiona, tarn* Involving product ara not involvsd in tho rato lav 
Thue defining    k^A Zjfi/l   • a, and    -dBC^/dt/BOj2 a   *    k. 

U 

1A   - (l/a )(1 • KAA)n 

Flgurss    1 through 7 ersssnt tha experimental data taken, lA being 
plotted against aloohol partial preaaure with n-1 * Inasmuch aa thoee plota 
resulted in straight lines, tho aeeuaptlen of n-1 la eorreet. Xnteroepta of 
theee plots provide Taluea of the ooapoeite oonstant "a" and combination of 
slope and Intercept *ive* values of Eg* 

The factor "J* appearing in tho ordinats of Flguree 1 to 7 rspreoonts 
<2*«-t)lCOO / 296 RT end essentially sorroets intoreopts at higher T to these 
at 25°9 enabling all data forgone alcohol to bo shoen together for oenparlsen 
purposes, Rashers *e.j*iearlng in ordlnstss of Pig 1*7 are apparent aotlvatlaani. 
ensrgies c-aooelatsd with the oonatant ***, in Issl/gpol* 

Tula method of preeenHng data le one that snphasisos any soattsr in the 
data., Deviation*   fro* the eurvee drama    can bs attributed to errors in 
graphical differentiation, for as little as 9£ error in this operation   sill 
oauso deviation* of the order indicated in the plots. 

Slope* of the plot* were used to oatinato. values of tho sdsorbtlon 
oonstant I4 at tho throe- tempsratnres investigated.    gA *a« plotted v« 1A 
and heat of sdsorbtion estimated. Secondary and tertiary arlsehols at fl^C 
gave slopes so near to soro as to be useless in the estimation of X4.    Beats 
of adaorbtism for these aleohsls are baaed on values at 25° and 4o*0 only and 
are henoo of leee reliability. 

Valuee of the constant* at 23*0 and values of energies of estivation and 
nest of adeorbtien are given in Table 2«    k., the true surfnss rate constant 
and its oorrosponding Motivational enorggr,  15, sere oomnured with tho ossunption 
tho !M>4 rather than 8 IWg is the true reactive sp*eies. Thus k, « aA^MsAje 
and   %9 •    % • 14.6 *% *1.2 *    A,6 Kosl repreaeaa* the heat of tho reaction 
25!,C2«M204 , and the facto* i.2   essyensatse for ehsngos in Sonesntratien with 
lnereneed tenpeiasufs, it having boon determined that the faotar (?A°6)2 

oloaely approximate*    09 -1,,200 (2S6.-i*,A98ffr   in tho short re*** used. 
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TA3L5 2  Oonetante at 25°0, heate of Adeorwtlon and Actirmtion 
PfT*X  Surface 

ssr«/nin MB* 1    oa^alr 
Alcohol 

in 

Methyl 0.55 0.85 48 

tthyl 0.29 0.64 54 

n-Fropyl 0.55 0.7* 35 

n-Butyl 0.5* 2.0 55 

i-Propyl C.U 0.20 66 

• «--Butyl 0.25 0.60 • 50 

t-iutyl 0.067 0.20 40 

B. ICftrfgBOl i 

-17.2 -8.5 •7 

-18.7 -5.2 •2 

-16.2 -7.2 •7 

-15.0 -6.4 •7 

-19.0 -12.5 •9 

-*5. -9.5 •2 

-18. -10. •8 

At th« outact of thl • work when reaoter eurf«-e« ®s* now and cl< 
aNnomelly high rttM were obacrvsd. Data wae not reproduces* la until 
four to five runs had bean node. Thue el«an glasa surface la a»re highly 
aatalytlc than "uaed glaaa". After these intial run*,  repredueeable data 
could ba taken at any tine indicating no farther ettrfaoa fouling. 

In aany rune an liuhtotlen period «M obeerred,  cv-peciellj «ith the 
higher eloohols. Preseswe or abeenee cf induction. 5*e evidejitljr influenced 
by the length of tfese »p"nt in »»*«*»tl on of ths reaction sell, but did 
not appear to Influence rate* obtained after, the i*»«eU«a began.  Rate* 
taken with or without Induction fall on the same S«KT« and were uaad 
interchangeably in plotting Fige 1-7.  Bather than invalidating the data 
it la fait that theee lndustiea periods serve only to indicate that tina 
required to «vaa to adsorbtion equilibrium   vaa af aueh ar&gnitude an to 
ba ineffective in varying result a obtained. It ia tentitireiy postulated 
that induction tinea obeervsd repreaant tiaae required by the eyetee) in 
the building up a first nonolayer if thie had been essentially  atrlpped 
off by extensive punping. 

Data taken with ethanal in anal! reaotera where intial nixing orrora 
could ba niniwised ueing a non-sinultaneoiie additions technique sees ad 
rate data, oovparable to that taken with olnultsnooua addition save* MO; 
was added first, but considerably higher rotas whan the alcohol vaa added 
first. Thue it ie lndlsatsd te a ecwewhat different nasaer that alcohol 
ia the adaorbad apaclas and not BOg. 

sA Ratios    The effect of $/f could not be tasted over long ranges* figure 
8 indcatea that the constant a varied exactly in proportion of the o/V 
ratloo involved (1.4/0*9). Thue irate ia indicated to bo proportional to 
B/V ratios in snail reactora. 

• 
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Teflon and Aluminum tfurfeoeet Data sera taken using "free comaumies.iA.orA* 
technique similar to that used with nansffin* surface.  Rates are corrected 
for frae oo)»uni<*v,ion,  and wore taken at 23*0 for Bthanol and n-Propenol. 

Oorroaioti data taken in this laboratory in tha liquid p*»s« indicates 
that aluminum and etainiese •*•**! stand up well to tha peculiar  sondions of 
this raaetion (no corrosion on etainlaaa staai and 100 m^/sqda/day undsr tha 
worst oonditioaa,f«F Alyv   laaa under other conditions). Thus thaaa data 
ware taken ao that rates might ha estimated within surfaces which might bs 
of particular use under induetrial conditions* as *ell aa to evaluate tho 
effeota of inert organic surface and Inorganic oxide (A^O.)  surfaces on tha 
kinetics of this reaction. 

Table 5 indioataa that both adaorbtion K and surface rate k are reduced 
when teflon is substituted for pyrax surface, but not so much r-e io sake this 
surface uaeleaa aa a catalytic surfaes. Al (Al-0.)  surface indioataa a lesser 
surface rate constant,  but greater adaorbtion I as compared to pyrea. Aetcs 
srs not seriously reduced at these preasurea. 

TABLE ?      Rate and Adaorbtion Constants for Verioa" Surfaces,  25°C 
8A   • 1.0 t 0.1    om*1 

Material Bthanol n-Propanol 

•23 *A25      ka25 *25      ^25      ka2S 

Pyrax 0.29 0.64       3% 0.55    0.7*        55 

Teflon 0.12 O.JS        54 0.67    IM       31 

Aluminum 0.22 0.80       29 

Ratae after  initial conditional    Pairlie at al (I) reported that the reaction 
waa autooetalytio.    The pressnt work substantiataa this. Ratea taken after 
isit-al conditions are higher than predicts* from the intial rate law. Howewer 
whereas it was previously reported that this effect waa dependant on the 
time elape#» fres intial  conditions to the tiac of measurement,  thla effect 
hae not baorn flound to apply la tha present work.  It has been f ourd that ratea 
after intial  conditions are higher than predicted from the intial rats law 
and the postulated rtoiehlc-atry >y a factor of    (1 • O.SCHOop-HOg)). Only 
typical data taken from runs using n-Propsnaol is  phowv in tail a 4. Very 
eiailar behavior waa nota£ with other alcohols. 

I 

Table 4 Rate Data After Initial Conditions. .n-Propanol, Pyrax Teeeel,s/7"0.9 
(values taken at random from runs at various initial preasurea) 

etod from Intial law. 
33°C 

1.2, 1.23, l.JB, 1.3, 1.53 

1.32, 1.33, 1.6 

1.87 

S0„ reacted Actual Rate/Rate pn 
23»0 

0.4 1.56, 1.4,  1.48,1.48 

0.8 1.6. 1.7, 1.73, 1.73 

1.2 1.83, 2.0 

1.6 2.2 
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Equilibrium and Stoiohioaetryi    Equilibrium was found to be a considerable 
llaitatt on on oxtente of reaction.    It sas found thftt only with the grouping 
•f term* as indicated by the etioehlonetry £5O2*ROH"RTK>5*R0H0 oould a constant 
value of the equilibrium eonatant be computed froa the data taken with fire 
fold varianoe in partial praaaurea of apeeiea preaent in the equilibrium 
mixture.    Thue it ia inferred thftt the baeie stoichlo-et*y 1B as indie*ted* 
at all teapereturea investigated. 

For the stalght chain alocbole, plots of log! ve i/l indicated atraight 
linea from which estimation of heat ef reaction oould be aade. Data taken 
with aeeondary and tertiary aloohole, while indicating the same general trenda 
was erratic and canot be ueed for other than qualitative estimation of trenda. 
Prom heat ef reaction data and va'ues of the eonatente,  eetistfttione ware aade 
of heat of formation and standard aelal -atropy of the nitrite •star*.  These 
data are tabulated in table S. 

Table    5....Indicated equilibria constants for the reaotion Saog^ROif^HSD^ROHO 
assuming the indicated etolchiometry. 

Alcohol 
25°0 

I (aa-1) 
40°C 55°0 

Heat of Reaction 
Keal/gewl 

Hitrite Prspertiee 
Hf            8 

Methyl 
Ethyl 
n-Propyl 
nvBwtyl 
n-*ayl 

1.60 
0.91 
1.05 
0.54 
0.24 

0.51 
0.145 
0.16 
0.072 
0.026 

0.10 
0.052 
0.025 
0.010 

-17.8 
-22.1 
-24.1 
-26.5 
-*7.9 

-17.06 
-28.58 
-57.00 
-45.26 
^5*8 

65.4 
61.8 
62.8 
67.6 
75.0 

i-Propyl 
sec-Butyl 
t-8utyl 

0.27 
0.8 
0.059 

0.15 
0.06 
0.022 

0.05 
0.02 
O.OO35 

The properties of the nitrltee   while showing good agreement for methyl 
with the data of Leermakere (2)    (17.06 as coopered with 16.75 for heat ef 
format* 00, and   65.4 compered with 65.2 far standard molal entropy),  indicate 
aeaoue deviations from expected vftluee for the higher  nitrites. Values of entropy 
are 6 to 10 unite lees then would ba indicated by statistical eomputatli 

Measurement wfta such that deviations eouid at moat cause as error as srts 
entropy unit. Bffeets due to structural ieomerism (5) ata be shown to have effeet 
considerably l«ee than the 6 to 10 unite deviation in 8. The eenatanay ef X 
ae computed indicates that no aerieua deviation freer the basic stoieaionstry 
could have 00cured,  but doe* net preclado small deviations dwo to ae sedation* 
adaorbticn effects etc which would have the- effect of ««!yla£ eaaawaateajjaaal tn 
•»eh s aanner that K would be affected similarly ftt all oantlibrliia aaajaattseaa* 

Saperimental heats of rieaotion are higher than oapeotsd. thaut experimental 
K's at 25 and 40° are high with respect to thsee at 55*G, indicating higher 
extents of reaction then would be expected. ieeooistioBs adaorbticn etc involving 
roaetanta would with the oxtenta of reaotion noted tead rathe** *a limit equilib- 
rium extent  of reaction and oannot explain 'the effect? aotss.  Sfcvr «sly pr*>dttet 
aaeooiatioa offers a tcnvble oxpadnatisa. 

(2) 3. Lcor-mkers and H.O. Raasparger, JaCS   54 18)7(1992) 
(5) P. Tarte,  Bull. Boa. cairn.  »*!*.  iC    2*0(1951) 
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If e««4«ietioB between predwet* of ia* torn, H*8*»«0» • Xr «tt*a» oruUl-j: 
eeuiUbriun constant of O.l being assessed, the ratio »f the tn*« eaasdttsa 
for tho 9*w All reeotion to the oonetante ee gi*«w i» ***** * •»• &»*5 *hm 

WJ2 rented 1« 1.0a*, end 0.77 «IMI •£ react** la 9*0* these .stoats of 
realties represent values near to til* extreaea <rf ooaaeAatioa- need to this 
work Mtf the deviation {kf> froo theama rtlst) U of the order of the precision 
with *hieh tho dot* ess taken, fteoeeictloa el 11 beeoas looo ot higher ?. If 
eeeaned negligible 04 38*0 an* • voluo of 80* of tho constant at S9P is u»ui»d, 
hoot of voooUoKdlc lodioatod to to 11m 1800eeleriee Iocs ttesa to&aJste* lo 
S*oear4£-aai i4#»lato entropy efLtto- aitrifce io MM 6 artt*   higher.    It Is 
thw pootwIrttrt'toJXrWoJoot eoweeiatlen to tho antes* of sheafrtog of^ko 
preduoi ferae* takes vTabe and Is * oeuse fer tho anaeuallr lesr voleos of 9mm 
indicator In this «ofk» 

Sitrite-Pitrio Aold association 1« not unexpeeted insomuch00 H»0,-*OIO- 
RCB solutions In tho liquid phone have boon ohown to bo singularly onreaotive 
with respect ths the estdotioae expeete*. SS>Wlt» ssisrs appear to bo oxidation 
inhibitoro in ouoh- eolntloao. 

SfSCOSBIOl 

Rsjulte Indicate thot vapor phooo rato aooonto at aoot a fan per seat of 
tho everall rat*s «be*rv-d ssd Is 'of asgligibls in this work. It he* farther 
boon found thot surf to* rato f el looo on equation of the f em? 

J>  =^- -  #/*) 

whore S denotee nm 10^ reacted. 

'   Adjacent site sarfeee eeatrolied aoehanien iadleetee that the denaataeter 
should enter to the eeeead ppwer, while odserbtlett rate controlling nscheniena 
indicate aunerntflo- depSndaheeB not in aooord «ith e-cperiaentai findings. Wear 
it is postalated that HOu CVjOs,} reacts directly with adsorbed oloehol olthont 
itself first adsorbiag.    It to possible to pestaiate w*t POj aooeoiatoo with 
already adsorbed alcohol aad that, rooota wit» Rj directly fro* the vapor phase. 
a aeeaaaloa indicating a rato **» *£ the fease 

-daoa/dt -(h-ju«. »ofe2 KM  my ( 1/(1 • K. Rca>jfi • K. HCU) 
for intial condition*.    la order that the ceeen* order bofearior with roopoot to 
8DA be sseonated for* K. aast bo of the order or 0.01 and ouot oheo e boQ't of 
association or odoarbtlea aboeo 8 to It leal* llweer Twlneer ere possible *M 
amih m maSuSSkiwrn SwCiaOt   si  (lisOOrded   Ot this   bio*. 

Beatc of adsorbtioa wero Peand to bo of the order of aagait«do of hoate of 
7»i^risatiOB. ttouplod with the laditetlen effesS* aeWAj this ^aplies that 
reaetion tokos plaeo »it» tho- aiisatlally liqwid phase oVtor adsorbed aeaalaporo 
of aloohel. iSoftt* of adoorbtloa oore sigslfloantly hVghor far ooeawSary- end 
tertiary elsehols than for the vr&sary while tho reeeroo tread woo noted in the 
•iignltade of the ooia*t«*i*ss IH&e a sigBifiesat differocs* esiete in entrepjr of 
adserbtiea for yrixnrj aleofeolo 00 eosporod to ether typesjf 

Surface rate een«taate aad oacrsj qwaljiitied are very similar far all sl&els 
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aeeondery tutanol end Bthtmol shoving eon* exception* Aw    H^ for eee- 
Butamol was determined fron only two values of K^, deviation may bo 
ccuaed by experimental  error. Values of boot of^adeorbtion for ethenol 
appear low,  but no explanation can bo found for this behsrvier at tfcie tine. 

Tha work of Pairlia,  Cmrberry and Traacy (1) wae dona in a reactor 
with eA " O.J. Extrapolation of tha praeant data to this 8A indicates 
that apooifio rats constant a of tha ardor of 0.1 ehould bare been notod 
inatoad of the 0.0? nported (oBthenol). Further, deviations frat firtt order 
in alcohol  ahould have bean noted.  In the previowa work, tae ssasursaent 
light beam paeaad Sena from the wall.  Tha reported rataa represent a mixture 
of fraa communication effeota (considering tha light beast aa a reaction oall) 
and conToction-diffueion from the Tapor phase to the walla. Tha aituation 
ia oomplax and re ddubt masked dertatiena in alcohol order. The data in 
ail probability hare little aignifcanee    except for uae in design of large 
aits reactors. Time dependence in the autocatalytio affect may be attributed 
to di'fusion-convection effeeta.   In the present work, mare transfer effects 
are at i>»»t small due to the reactor alxe uaed and  the fact that the meaaure- 
•ent bean waa of cell dieseter. Diffuaional  gradlenta in the present work 
were approximately 10 limes the- of the prevbue workers. 

The autoeatalytie effect noted oaunot be considered to be due to ad- 
aorbtion rate phenomena, for tha aama increases in rats were not»5 with 
very considerably different initial amountn of intial reaotant chnrje»& with 
attendant diffarencea in partial preesure and time ~u> aehieT* thiv oondltion. 
Work in this laboratory indicates that while KC,''*1iv5KCf HgC and nitrites 
in the feed charge had little effect on intial rate, 0. HHOa increased 
rates observed by 50^. Ae 0.9mm corresponds to l.Omo NO2 reacted,  the cat- 
alytic effect of HMOs alone acseunt far 69£ of the observed eutooatalytio 
effect. The balance may be accounted far if it be «esumed that Nit-.-lte- 
HHOj aeaooiatloms oomplexes are also oatalytic to the reaction. At tha present 
time it ie not known if thia eutoeatalyaie ia a wall effect or if it repree- 
enta a vapor phase catalytic rat*. 

8inee both rate and equilibrium conversion are seriously reduced by 
increased Temperature, practical uae of this reaction will be limited to 
lower temperatures. Surfaces inert to ohemieal attack (Teflon, Aluminum) 
while showing reduced rataa of reaction, are indicated to be serviceable 
for use in running tha reaction. 

Department of Ohemieal Engineering 
University of Notre Daaa 
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